Based on the last decade of JAERI reactor design studies, an advanced commercial reactor concept (A-SSTR2) that meets both economical and environmental requirements has been proposed. The A-SSTR2 is a compact power reactor (R p = 6.2 m, a p = 1.5 m, I p = 12 MA) with a high fusion power (P f = 4 GW) and a net thermal efficiency of 51%. The machine configuration is simplified by eliminating the center solenoid (CS) coil system. An SiC/SiC composite for the blanket structure material, helium gas cooling with a pressure of 10 MPa and an outlet temperature of 900°C, and TiH 2 for the bulk shield material are introduced. For the toroidal field (TF) coil, a high temperature (T C ) superconducting wire made of bismuth with a maximum field of 23 T and a critical current density of 1,000 A/mm 2 at a temperature of 20 K is applied. In spite of the CS-less configuration, a computer simulation gives satisfactory plasma equilibria, plasma initiation process, and current ramp-up scenario. The current rampup time is about 22 hours. The MHD stabilities for the ballooning mode and the ideal low n kink-modes are confirmed. The stabilization of n = 1 and n = 2 kink modes requires a shell position closer than 1.4 times and 1.2 times the plasma minor radius, respectively. With regard to the divertor thermal condition, it was found that a neon gas-seeded divertor plasma with a fraction of ~ 2.5% gives a thermal load reduction at the divertor plate from 460 MW to 100 MW and a plasma temperature drop at the divertor plate from 200 eV to 20 ~ 30 eV. By increasing the shield thickness by about 15 cm, the total radwaste is dramatically reduced. The radwaste percentage relative to the total waste is reduced from 92 wt.% to 17 wt.%.
Introduction
The fusion power plant of the future should be attractive economically and environmentally compared with other advanced sources. Competitive cost of electricity (COE) is the first priority of the utility companies. Despite its advantages, in terms of environmental effects and abundant of fuel resources, fusion would not be selected if its COE were unreasonably high. Predicted COEn values (normalized by present 1 GWe coal plant without CO 2 control) of the CO 2 -controlled fossil fuel plant and the LWR (light water reactor) fission plant, both at ~ 50 years in the future, are 1.5 ~ 1.8 and 1.0 ~ 1.5, respectively [1] . A lower COEn (less than unity) is no doubt desirable. In author's e-mail: nishio@naka.jaeri.go.jp the case of a COEn higher than 1.8, fusion will not be attractive. For the time being, a COEn of ~ 1.5 is a reasonable target for the first generation of fusion reactors. After the first generation, a COEn of ~ 1.0 might be required.
The economical competitiveness of the fusion power plant is improved by increasing the fusion power density. Increases in the plasma beta value and/or the toroidal field (TF) strength are key factors for increasing fusion power density. The fusion COE is mainly governed by a plasma beta value, a toroidal field (TF) strength, and a plant thermal efficiency, assuming that construction cost, plant availability, and etc. do not differ among reactor concepts. The parameter combination set of the beta value and the TF strength is to be determined based on a compromise between the attainability of the parameters and the COE requirement. The estimated COE of the tokamak power plant was formulated by Okano et al. as COEn = 11.8/(β N 0.9 B Tmax 0.63 η th ) by using the cost assessment code [2] . Here, β N , B Tmax , and η th are the normalized beta value, the maximum toroidal field in tesla, and the thermal efficiency, respectively. Three kinds of COEn contour lines, which are as the same as, 50% higher than and twice higher than the COE of the present 1 GWe coal plant without a CO 2 control system, are shown in Fig. 1 .
About ten years ago, the situation took on a new aspect. The SSTR design [3] had been developed at JAERI in Japan and the ARIES-I study [4] , a US multiinstitutional effort led by UCLA, had been conducted. These reactors differ in many aspects from former comprehensive pulsed or steady-state tokamak reactors presented in design studies, such as UWMAK [5] and STARFIRE [6] . Those studies influenced the direction of plasma research, the next step design, and engineering R&D efforts. The chosen parameter combination set was a β N of ~ 3.3 and a B max of ~ 16 T. However, although the design consistency and feasibility of the SSTR and ARIES-I are considerably high, the expected COEs are still relatively high, approximately 50% higher than that of the present 1 GWe coal plant without CO 2 control, as plotted is Fig. 1 . As mentioned above, a COEn of ~ 1.5 will be a reasonable target for the first generation of fusion reactors. Therefore, these reactors are positioned as firstgeneration reactors. Incidentally, the COEn of the "ITER [7] like plant" with a normalized beta β N ~ 2.7, a maximum TF strength B Tmax ~ 13 T, and a thermal efficiency η th ~ 34% was evaluated as more than 2.0, as plotted in Fig. 1 .
The first generation reactors are expected to be gradually improved toward production of commercial reactors whose COEn will be ~ 1 or less. After the SSTR and ARIES-I design studies, further design studies aiming at a COEn of ~ 1 were conducted. One possible approach for achieving a COEn of ~ 1.0 is to choose the combination set of a higher β N of 5 ~ 5.5 and a moderate B Tmax of 13 ~ 16 T, as was used in the CREST concept [8] and the ARIES-RS concept [9] . As another approach, a combination set of a moderate β N < 4 and a higher B Tmax ~ 20 T, such as that in our "Target" region shown in Fig. 1 , could be used. Our reactor concept, A-SSTR2 [10] is located in this region.
In Sec. 2, the appropriateness of our design target and design guidelines are described. The overall design features of A-SSTR2 are briefly described in Sec. 3. Major issues such as the structural feasibility of a very high field (B Tmax ~ 20 T) toroidal field (TF) coil system, the operational feasibility of non-inductive plasma current ramp-up, and the behavior of divertor plasma are discussed in Sec. 4. The last section consists of design summary.
Target and Guidelines for Reactor
Design In this section, after the appropriateness of our design target has been remarked, the concrete design guidelines will be described. The value of present COEn is unity, which is the COE of 1 GWe present coal plant without CO 2 control system. The SSTR [3] , the ARIES-I [4] , the ITER [7] like plant, the CREST [8] , the ARIES-RS [9] and our target are plotted.
The beta limit is an important operational constraint for a reactor design. The scaling law of the beta limit is given by Troyon [11] , as follows.
Here, β ( = 2µ 0 〈 p〉 / B t 2 , where 〈 p〉: plasma average pressure, B t : toroidal field strength on plasma axis), β N , I p , and a p , are the volume averaged toroidal beta, normalized beta, plasma current, and plasma minor radius, respectively. A poloidal beta B p is expressed by 2µ 0 〈 p〉 / B p 2 , where B p is poloidal field strength on the plasma surface.
Therefore, the following relation is derived.
Here, κ is an ellipticity of the plasma crosssectional shape. It is natural to choose the parameter pair (β/ε, εβ p ) [12] as the MHD figure, where ε is the inverse aspect ratio. There will always be a tradeoff between high εβ P and high β/ε as described by Eq. (2). Increasing εβ P in a given tokamak will normally increase its ratio of plasma current driven by the bootstrap effect to the total current, ƒ BS ≡ I BS / I p . However, the bootstrap fraction actually scales as ƒ BS ∝ C BS εβ p / √ ⎯ε [13] , where C BS contains dependencies on current, density, and temperature profiles. Figure 2 plots the MHD stability figure of merit parameters from JT-60 and DIII-D for long-pulse, ELMy H-mode discharges, together with the reactor design values for the some examples including our design target. The preferred design will most likely optimize at intermediate values of εβ p and β/ε. The stability against high-n ballooning modes and low-n kink-ballooning modes will be described in a later section.
The major points of the design guideline are as follows.
(i) The center solenoid (CS) coil system is discarded.
The space generated by the discard of CS coil is devoted to the TF coil support structure. (ii) An SiC/SiC composite for the blanket structure material, helium gas cooling with pressure of 10 MPa and outlet temperature of 900°C, and TiH 2 (or VH 2 ) for the bulk shield material are introduced. (iii) For the maintenance scheme, the power core components are designed for horizontal insertion and withdrawal of entire sectors.
Overall Feature of A-SSTR2
When we explore the operation parameters set within the target region, we keep to design constraints such as ƒ BS = 0.8 ~ 0.9, β N < _ 4, the energy confinement HH y2 < _ 1.2, and the density n e / n GW < _ 1.2. [3] , the ARIES-I [4] , the ITER [7] like plant, the CREST [8] , the ARIES-RS [9] and our target are plotted. Table 1 shows the A-SSTR2 operating parameters. The A-SSTR2 is a compact power reactor (R p = 6.2 m, a p = 1.5 m, I p = 12 MA) with fusion power (P f = 4 GW). The layout of the A-SSTR2 components is shown in Fig. 3 . The machine configuration is simplified by eliminating the CS coil system. An SiC/SiC composite for the blanket structure material and TiH 2 (or VH 2 ) for the bulk shield material are introduced as shown in Fig. 4 . For the toroidal field (TF) coil, a high temperature superconducting wire made of Bi-Ag alloy with a maximum field of 23 T and a critical current density of 1,000 A/mm 2 at a temperature of 20 K is applied. The space created by eliminating the CS coil system is used for the TF coil support structure. A detailed description of the design of the TF coil conductor appears in Ref. [14] .
The A-SSTR2 blanket is an SiC/SiC composite, Li 2 TiO 3 (Be) pebble-breeder, helium-cooled design. It has an average neutron wall loading of 6 MW/m 2 and an average heat flux of 1.4 MW/m 2 . With helium inlet/ outlet temperatures of 600/900°C at 10 MPa, the projected Brayton cycle thermal efficiency is 51%. The 1D neutron transport analysis shows a tritium-breeding ratio of 1.29 in this blanket system. The blanket system is replaced as the 30 degree sector unit within 2 months of every 2 years. The blanket module unit and the divertor structure are shown in Fig. 5 . A blanket module with a weight of around 300 kg was designed. A total of 1950 modules are used in the A-SSTR2. The coolant helium flows toward the first wall from the outer annulus of the concentric coolant tube and cools the first wall. It then turns and cools the Be and the breeder pebble zones while exiting the blanket module from the inner channel of the concentric coolant tube. A detailed description of the thermomechanical design of the blanket first wall appears in Ref. [15] . By employing TiH 2 (or VH 2 ) powder mounted in an SiC/SiC holder (68/54 cm in thickness for inboard/ outboard region) as a neutron shield, a significant low nuclear heating rate (< 0.1 mW/cc) is realized in the superconducting wire.
The power flows, such as heat flux onto the first wall and the divertor plate are shown in Fig. 6 . The turbine unit and the heat balance diagram are shown in Fig. 7 .
Major Characteristic Issues of the A-SSTR2
The major characterized issues of the A-SSTR2 concept, which include the structural feasibility of a very high field (B Tmax ~ 23 T) toroidal field (TF) coil system, the operational feasibility of a non-inductive plasma current ramp-up, the behavior of divertor plasma, and the radwaste reduction problem, are discussed in this section.
Structural strength of the TF coil system
A mechanical configuration of the A-SSTR2 coil system including the poloidal field coils is shown in Fig. 8 . The TF coil system consist of 12 units that generate the field strength of 11 T at the plasma axis. The maximum strength becomes 23 T, and the total magnetic energy is 180 GJ with an operation current of 134 kA. The total magneto-motive force is 308.4 MAT. Here, the structural strength of the TF coil system is described. The conductor design is described in Ref. [14] .
The centering force per coil is 2,400 MN and is supported by the wedge between coils and the backing cylinder installed into the center of the coil system. The TF coils consist of six disk plates stored in the case. The conductors are installed in spiral grooves on both sides of the disk plates to support the conductors against large electromagnetic force. The cross-sections of the TF coil inboard region and the conductor are shown in Fig. 9 . In order to reduce stress in the disk plates, the distance between grooves for the outer side area in the winding is larger than that for the inner side area. Stress analysis of the TF coil was conducted by a three-dimensional solid finite element method (FEM). Figure 10 shows the The blanket first wall is coated by ~100 µm thick tungusten. calculation results for the coil case and the disk under the winding condition. The maximum tresca stress is 1,260 MPa in the disk plate and 1,192 MPa in the case, respectively. JN1, whose yield stress σ 0.2 is 1,300 MPa, is used for the material of the disk plate and the case. Design stress is S m = (2/3)σ 0.2 , and the primary stress should be smaller than 1.5 S m . The induced stresses barely meet the criterion.
Operation scenario
In the CS-less tokamak, it is vital to establish a plasma operation scenario in which the issues of plasma equilibria, break-down, and current ramp-up are illustrated.
The plasma equilibria during the ramp-up phase were found to be within a reasonable range (~120 MAT) of ampere-turns. Positioning of the 6 PF coils is decided so as to allow that the power core components such as the blanket and the divertor are designed for horizontally insertion and withdrawal of entire sectors. Snapshot-like images are shown in Fig. 11 . Here, the beam-driven current profile, the bootstrap current profile, and the plasma equilibrium are simultaneously and consistently solved. The energy, power, and cross section of the injected beam are controlled for suppressing the heat flux onto the facing blanket first The maximum tresca stress is 1,260 MPa in the disk plate and 1,192 MPa in the case, respectively. JN1 whose yield stress is 1,300 MPa, is used for materials of the disk plate and the case.
wall less than 1 MW/m 2 . In the CS-less A-SSTR2, a linkage flux of -52.4 Vs is inevitably generated at the end of the ramp-up phase. When this flux supply is taken into account, the current ramp-up phase can be shortened by several hours, as described in a later section.
In a non-inductive plasma initiation (breakdown) and early current ramp-up phase, RFW (radio frequency wave) should be used rather than NBI (neutral beam injection) in order to avoid high shine through and orbital losses in the low density, low current (high q) plasma. Here, an EC (Electron Cyclotron) system is considered for heating and current drive. The contour lines of the linkage flux and stray field in the A-SSTR2 PF coil arrangement, are shown in Fig. 12 . The PF coil currents are given under the objective function, which realizes the stray field minimization with a linkage flux of 1 Vs at the plasma center. Therefore, even for the CS-less tokamak, a small amount of initial magnetization can be available for the plasma initiation. When the maximum allowable stray field strength is 10 G, the upper limit of the initial magnetization is 0.2 Vs. A flux swing of 0.4 Vs can be available.
The results of the ASTRA simulation of the plasma breakdown and initial current ramp-up with the external voltage (U = 4 V for 0.1 s) are shown in Fig. 13 [16] . It takes about 2,000 s for the initial current ramp-up phase to reach the plasma current of 2 MA.
After the plasma breakdown and initial current ramp-up phase, the plasma current is to be driven by the NBCD from 2 MA to 12 MA. As an example of the . During the plasma ramp-up phase, the Greenwald density limit requirement and the confinement criteria are kept. ignition approach simulation from the plasma current of 4 MA to 12 MA, the related parameters (the electron density n e , confinement H H factor, fusion power P f , NB input power P NB , bootstrap current I BS , NB driven current I NB , etc.) are shown in Fig. 14 . Here an external magnetic flux is arbitrarily supplied for convenience of calculation. Without an external magnetic flux supply, the ignition approach time can be estimated by assuming (I BS + I BS )/I P slightly larger than unity. Without a flux supply from the poloidal coil system, the current rampup time T is estimated by following equation;
where I P0 is the initial plasma current, and τ L/R = L /R where L is the external inductance and R is the resistance of the plasma. For a typical A-SSTR parameter, τ L/R = L/R becomes ~ 1.3 h. When (I NB + I BS )/I P = 1.06 is assumed, the ignition approach time from 2 MA to 12 MA is about 28 hours, where a plasma self inductance of 14.8 µH and a plasma resistance of 3.2 × 10 -3 µΩ are used. As mentioned earlier, the linkage flux of -52. 4 Vs can shorten the current rampup phase from 28 hours to 22 hours.
The A-SSTRT2 plasma with 1.8 elongation requires a passive shell for vertical positional stability. For the replaceable blanket sector unit, the possible shell structure must be the so called "saddle loop" structure located between the shield and blanket structures shown in Fig. 15 . Figure 15 also shows the growth rate dependence on the stabilizing effect by a shell structure with a 5 cm-thick vanadium alloy. The destabilizing force denoted by the n-index (decay index of plasma equilibrium field) and passive stabilizing force denoted by N(s) are well balanced at the growth of 40 s -1 . Even though the external SC poloidal coils are used for the feedback control, the control power is less than 100 MVA.
Since many key parameters including the current and pressure profiles seem to change drastically during fusion power control, MHD stability becomes one of the key physics issues. Figure 16 shows a growth rate of n = 1, and 2 ideal-kink modes, respectively with and without an ideal wall during the ignition approach phase, are shown in Fig. 14. The assumed current and pressure profiles are also shown in Fig. 16 . When the square of the growth rate is less than 10 -4 , the MHD stability can be practically obtained. With the ideal shell at ρ/a = 1.4, n = 1 mode is stable during the ignition approach phase. On the other hand, since n = 2 mode with the ideal shell at ρ/a = 1.25 slightly deviates from the stable region, much more profiles optimization is needed or the shell position should be much closer. This problem will be investigated in future work.
With regard to ballooning mode, two kinds of normalized pressure gradient (α parameter) on each One turn loop voltage of 4 V was applied until 0.1 s. ECCD power (P EC ) is less than 5 MW. 〈n e 〉 is the volume average plasma density, N is the residual gas density and 〈T e 〉 is the density weighted electron temperature. , the MHD stability can be practically obtained. With the ideal shell at ρ/a = 1.4, n = 1 mode is stable. On the other hand, since n = 2 with the ideal shell at ρ/a = 1.25 mode slightly deviates from the stable region, much more profiles optimization is needed or the shell position should be more closer. magnetic surface are calculated and compared as a function of shear (s). One is the critical pressure gradient, the other the A-SSTR2 operation gradient. The magnetic surface position is denoted by its shear. Here, two kinds of operation conditions are considered. These are the entrance (β N = 2.8) and exit (β N = 4) points of the ignition approach phase. The calculation results are shown in Fig. 17 . The ballooning modes are narrowly stable at both these points.
Divertor heat loads
In the A-SSTR2, a large quantity of the divertorrelated thermal power, such as the α-heating power of 800 MW and the current drive power of 60 MW, should be managed. Fortunately, since the plasma density and the toroidal field strength are very high, the synchrotron radiation, the Bremsstrahlung and the impurity line radiation powers can be high both in the main plasma and in the divertor plasma. Here, a synchrotron radiation power of 100 MW, a Bremsstrahlung power of 100 MW, and an impurity line radiation power in the main plasma of 200 MW are appropriate. Therefore, the thermal power into the divertor region is estimated as P SOL ~ 460 MW. For safe operation of the divertor plate, the thermal power load on the plate should be reduced to less than 100 MW. More than 360 MW needs to be radiatively emitted, as so-called "radiative cooling". The power flow of the A-SSTR2 is shown in Fig. 5 . On the other hand, the relation between the power to the divertor region P DIV and the divertor peak heat load W DIV is roughly given by
where R DIV is the radial position of the striking point, θ DIV is the plate inclination angle, and ∆ DIV is the heat flux half-width. When R DIV = 6.2 m, θ DIV = 20°, W DIV = 10 MW/m 2 , and ∆ DIV = 0.05 m, we obtain P DIV = 114 MW. This simple consideration implies that the power to the divertor region should be less than about 100 MW to achieve a peak heat load less than 10 MW/m 2 . This is the reason why more than 360 MW needs to be radiatively emitted. One of the effective procedures for radiative cooling is to seed an inert gas e.g., neon, argon or krypton. Plasma temperature at the target region and the divertor peak heat load are estimated for these impurities by using several models for the heat flux width scaling. If 2.2% of argon or 0.54% of krypton can be seeded in the divertor region, the peak heat load can be reduced to less than about 10 MW/m 2 . These impurity levels are 3 ~ 4 times larger than the acceptable values. In the case of neon impurity, the 2-point model indicates that there is no solution within the scope of the simple radiative divertor concept. In general, the 2-point model [17, 18] gives more conservative results than to the sophisticated 2D divertor simulations. In this report, 2D divertor simulation using the B2 code [19] was performed to test the above-mentioned results. Here, neon impurity is used, since simulations with a high Z impurity such as argon or krypton are unrealistically time consuming. Figure 18 shows the radiation loss power calculated by the B2 code [19] (dashed lines) and by the 2-point model with different neutral fractions (solid lines). Here, the neutral gas effect can be clearly seen. When the charge exchange effect is not assumed (denoted by open square), the prediction of radiation loss by the 2-point model is about 75 MW. That is, the result from the 2-point model without the neutral gas effect is about 4 times smaller than that from the B2 calculation. When a neutral hydrogen of 40 ppm is assumed, relatively good agreement between the 2-point and the B2 methods can be recognized. In any case, when neon impurity seeding of 2 ~ 2.5% is realized, a radiation loss power of ~ 80% can be achieved. As a result, the plasma temperature near the divertor plate is reduced from 200 eV to 20 ~ 30 eV. Therefore, argon or krypton impurity seeding is not necessarily required to obtain an acceptable A-SSTR2 divertor condition.
Radioactive waste
In general, the thickness of the neutron shield structure is to be decided based on the protection of the superconducting coils. We call this design stance the "minimum shield approach". This approach creates burdensome problem: a large amount of radwaste, exceeding 10,000 tons of LLW and MLW (low and medium level radwastes), will be left after the decommissioning [20] . Without dramatic reduction of this amount, disposal of radwaste will be a critical issue impeding the introduction and use of fusion energy. In light of this problem, the feasibility of a reactor design concept focusing on radwaste has been discussed [21] . In this design approach, the role of shielding is to protect outer structural materials from serious activation, and it can lead to a dramatic reduction of radwaste. In this sense, this design stance can be called the "minimum radwaste approach".
The "minimum radwaste" concept was applied to the A-SSTR2, and radwaste reduction was evaluated [21] . Differences between the original A-SSTR2 design and the "minimum radwaste" approach are as follows:
1) The "minimum radwaste" design adopts a VH 2 neutron shield with thicknesses of 78 cm and 77 cm on the inboard and outboard sides, respectively. The original design uses a 64 cm-thick and 54 cmthick shield of TiH 2 on the inboard and outboard sides, respectively. Note that the A-SSTR2 originally adopted a metal hydrid (TiH 2 ) to decrease shield thickness. Openings in the radial build of the original A-SSTR2 accept the increase in shield thickness for "minimum radwaste" without changing the plasma size;
2) The "radwaste minimum" approach assumes the replacement of the Ag of the TF coils with a low activation material. On the other hand, the original design assumes an Ag approximate equal to the present product (~ 7 × 10 21 atoms/cm 3 ), will be used. In the assessment of the waste from both designs, the following hypotheses are posed: 1) Neglect 14 N in SiC/SiC but, for the other structural materials, assume reasonable element compositions (including impurities) on an available-product basis; 2) Tritium retained in waste may be removed by detritiation; 3) To reduce radwaste from the neutron shield, the shield material (TiH 2 and VH 2 in the conventional and new concepts, respectively) may be segregated from the container (SiC/SiC); 4) The A-SSTR2 operates with a fusion power of 4.5 GW and a wall-loading of 6 MW/m 2 for 30 years (availability of 80%), and it is disposed of after a 50-year cooling. Figure 19 shows a comparison of waste normalized at 1 GWe for several fusion reactors. Radwaste production in the A-SSTR2 based on the radwaste minimum concept has a factor of 5 to 10, which is as low as that of the other tokamak reactors. The main portion of MLW in the A-SSTR2 is replaceable blankets, the waste of which can be reduced further by recycling Be and Li.
Summary (i)
In the A-SSTR2, a combination set of high toroidal field (11 T on the plasma axis and a peak field of 23 T) and moderate beta (β N = 4) is chosen for high fusion power (4 GW) and compact machine size (R P = 6.2 m). The space for structures supporting the enormous electromagnetic force acting on the TF coils is made by eliminating the center solenoid (CS) coil. (ii) A successful scenario of plasma equilibrium solution, plasma break-down, and plasma current ramp has been confirmed by computer simulation for the CS-less configuration. It takes about 2,000 s for the initial current ramp-up phase to reach a plasma current of 2 MA. The time to grow from 2 MA to 12
MA is about 22 hours, and the linkage flux of -52. 4 Vs by the plasma equilibrium field is taken into account. (iii) For the plasma vertical position control, the passive shell structure is located behind the blanket structures. The shell structure is made of a low-activation vanadium alloy plate with a resistivity of 4.8 × 10 -7
Wm, and a thickness of 5 cm can suppress the vertical instability growth rate to 40 s -1 . Even though the SC poloidal coils outside the TF coils are used for the feedback control, the required control power is less than 100 MVA. (iv) MHD stability for the ballooning modes and the ideal low n kink-modes was confirmed by ERATO-J code. Stabilization of the n = 1 and n = 2 kink modes requires a shell position closer than 1.4 times and 1.2 times the plasma minor radius, respectively. (v) With regard to divertor thermal condition, it was found that ~ 2.5% Ne seeded in the divertor plasma could reduce the divertor plate heat load from 460 MW to 100 MW and the plasma temperature from 200 eV to 20 ~ 30 eV, without deteriorating the main plasma. As a result, the divertor peak heat flux can be reduced to less than 10 MW/m 2 . (vi) By increasing the shield thickness by about 15 cm, the total radwaste is dramatically reduced. The radwaste percentage relative to the total waste is reduced from 92 wt.% to 17 wt.%. Fig. 19 Comparison of waste weight per 1 GWe output between fusion reactors based on the conventional design and the A-SSTR2 based on the "minimum radwaste" concept. The waste is assumed to be classified 50 years after the decommissioning. Here, LLW and MLW are the low level and midium level radwastes, respectively.
